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Abstract
Aims:  The  purpose  of  this  study  was  to  evaluate  the  agreement  between  heart  rate  (HR)  and
treadmill velocity  corresponding  to  the  anaerobic  threshold  measured  by  second  ventilatory
threshold (VT2)  and  the  HR  deﬂection  point  (HRDP)  in  patients  with  type  2  diabetes.
Materials  and  methods:  Thirty-two  sedentary  patients  (56.1  ±  7.7  years)  were  evaluated.  To
determine  the  threshold  values,  patients  performed  an  incremental  treadmill  test,  with  an
initial velocity  of  3  km  h−1 for  3  min,  which  was  then  increased  by  1  km  h−1 every  2  min.  The
degree of  agreement  between  VT2 and  HRDP  was  analyzed  using  the  Bland--Altman  test.
Results: Patients  had  a  HR  of  133  ±  16  bpm  at  VT2 and  133  ±  18  bpm  at  HRDP.  Mean  velocity  cor-
responding to  VT2 was  6.3  ±  0.7  km  h−1,  and  that  corresponding  to  HRDP  was  6.4  ±  1.1  km  h−1.
There were  no  signiﬁcant  differences  between  the  methods  evaluated  (HR:  p  =  0.78;  mean
velocity:  p  =  0.57).
Conclusions:  The  present  investigation  concludes  that  there  is  an  agreement  between  VT2  and
HRDP methods  for  HR  and  treadmill  velocity,  and  thus,  either  method  may  be  used  for  these
patients.
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Punto  de  desviación  de  la  frecuencia  cardíaca  es  una  alternativa  de  método  para
identiﬁcar  el  umbral  anaeróbico  en  pacientes  con  diabetes  tipo  2
Resumen
Objetivos:  El  propósito  de  este  artículo  fue  evaluar  la  concordancia  entre  frecuencia  cardíaca
(FC) y  velocidad  en  la  cinta  de  correr  correspondiente  al  umbral  anaeróbico  medido  por  el
segundo umbral  ventilatorio  (VT2)  y  por  el  punto  de  deﬂexión  de  la  FC  (PDFC)  en  pacientes  con
diabetes tipo  2.
Métodos:  Se  evaluaron  treinta  y  dos  pacientes  sedentarios  (56,1  ±  7,7  an˜os)  para  determinar
los valores  de  los  umbrales,  los  pacientes  realizaron  una  prueba  de  esfuerzo  incremental  a  una
velocidad  inicial  de  3  km  h−1 durante  3  min,  con  incrementos  de  1  km  h−1 cada  2  min.  Se  analizó
el grado  de  concordancia  entre  VT2 y  PDFC  mediante  el  test  de  Bland--Altman.
Resultados:  Los  pacientes  mostraron  una  FC  de  133  ±  16  lpm  en  VT2 y  133  ±  18  lpm  en  PDFC.
La velocidad  media  correspondiente  a  VT2 fue  6,3  ±  0,7  km  h−1 y  la  correspondiente  a  PDFC  fue
6,4 ±  1,1  km  h−1.  No  hubo  diferencias  signiﬁcativas  entre  los  métodos  evaluados  (FC:  p  =  0,78;
velocidad  media:  p  =  0,57).
Conclusión:  Esta  investigación  concluye  que  existe  correspondencia  entre  los  métodos  VT2 y
PDFC en  FC  y  la  velocidad  media  en  la  cinta  de  correr,  por  lo  tanto,  cualquiera  de  estos  dos
métodos puede  ser  usado  en  estos  pacientes.
© 2014  Consell  Català  de  l’Esport.  Generalitat  de  Catalunya.  Publicado  por  Elsevier  España,
S.L.U. Todos  los  derechos  reservados.
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he  physical  exercise  is  considered  as  one  of  the  main  strate-
ies  for  the  type  2  diabetes  management.1 Among  these
xercises,  the  aerobic  training  shows  beneﬁcial  acute2,3
nd  chronic  effects4--6 in  the  inﬂammatory,  glycemic,  lipids,
ressoric  and  functional  outcomes.  However,  most  studies
ith  aerobic  training  in  this  population4--12 have  prescribed
he  training  intensity  based  on  percentages  of  peak  oxygen
ptake  (%VO2peak)  and  maximal  heart  rate  (%HRmax),  which
an  elicit  different  physiological  responses  for  different  indi-
iduals  and  that  submaximal  parameters  such  anaerobic
hreshold  are  better  markers  of  the  stress  induced  by  phys-
cal  exercise.13
The  gold  standard  parameter  for  the  aerobic  training
rescription  is  the  anaerobic  threshold  (AT),14 because  it
epresents  the  intensity  of  transition  between  the  pre-
ominantly  aerobic  to  predominantly  anaerobic  pathway.
esides  providing  a  more  precise  knowledge  of  the  metabolic
tatus  achieved  by  the  patient  during  the  exercise,  the
T  is  also  more  responsive  to  training  than  the  maximum
arameters.13 In  type  2  diabetes,  this  zone  of  metabolic
ransition  deserves  special  attention,  because  it  represents
he  intensity  in  which  plasma  glucose  level  reduces  without
 substantial  increase  in  plasma  glucagon  concentrations,
esides  minimizing  cardiac  accident  risk.15 From  a  practical
oint  of  view,  it  is  important  to  know  the  AT  for  the  exercise
rescription  not  only  for  the  traditional  aerobic  training,
ut  also  for  the  interval  training  with  periodic  excursions
nto  ‘‘anaerobic’’  energy  pathways.  This  type  of  training
acilitates  greater  improvements  in  cellular  signaling  path-
ays  involved  in  energy  metabolism,  improving  sub-maximal
nd  maximal  exercise  capacity,  mitochondrial  biogene-
is,  enzymatic  markers  associated  with  glycolysis,  aerobic
etabolism  and  beta-oxidation,  anthropometry  and  quality
b
if  life  better  than  aerobic  exercise  training.16,17 These
hanges  seem  to  occur  with  less  caloric  expenditure  and
ime  spent  than  traditional  aerobic  exercise  training.17
Despite  the  importance  of  using  the  AT  for  the  exer-
ise  prescription,  its  traditional  methods  of  determination
blood  lactate  and  ventilatory  method)  do  not  present  easy
pplicability.  The  ventilatory  method  is  one  of  the  more
sed  methods  in  exercise  sciences.  The  ventilatory  curve
nd  ventilatory  equivalent  analyses  enable  the  determina-
ion  of  the  break  point  at  which  the  respiratory  system  is
nable  to  effectively  buffer  H+ ions,  which  leads  to  a  dis-
roportional  increase  in  ventilation  and  carbon  dioxide.  This
reak  point  is  known  as  the  second  ventilatory  threshold
VT2).18,19 However,  the  high  cost  of  the  equipment  used  to
nalyze  breathing  gases  makes  the  method  very  expensive,
imiting  its  practical  application.20,21
A  less  expensive  and  more  accessible  alternative  for  the
etermination  of  AT  can  be  achieved  by  analyzing  heart  rate
ehavior  during  incremental  tests.  This  method  was  previ-
usly  proposed  by  Conconi  et  al.,22 and  it  is  based  on  the
elationship  between  the  HR  and  the  effort  intensity.  This
elationship  is  partly  linear  and  partly  non-linear  and  the
elocity  in  which  exist  a  break  point  in  the  linearity,  known
s  heart  rate  deﬂection  point  (HRDP),  is  associated  with  AT.22
urthermore,  HRDP  can  be  measured  with  relatively  sim-
le  equipment.23 In  the  literature,  this  method  has  been
ery  investigated,  showing  association  with  AT  in  several
tudies.23--25 Notwithstanding,  there  is  a  gap  in  the  litera-
ure  regarding  the  use  of  HRDP  for  the  determination  of  the
T  in  patients  with  type  2  diabetes.  The  practicality  of  this
easure  offers  a  distinct  advantage  over  the  second  lactate
hreshold  and  the  VT2,  because  need  only  of  HR  monitors.
Thus,  the  aim  of  this  study  was  to  analyze  the  agreement
etween  the  VT2 and  HRDP  methods  for  the  treadmill  veloc-
ty  and  HR  in  patients  with  type  2  diabetes.  Our  hypothesis
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was  that  the  velocities  and  the  HR  values  should  correspond
between  both  methods.
Materials and  methods
Subjects
After  approval  of  this  study  by  the  Research  Ethics  Com-
mittee  of  the  Federal  University  of  Rio  Grande  do  Sul  (n◦:
108.997)  and  by  the  Research  Ethics  Committee  of  the
Clinical  Hospital  of  Porto  Alegre  (n◦:  54475),  32  subjects
(14  male  and  18  female)  with  type  2  diabetes  and
age>  30  years  (between  37  and  71  years)  provided  written
consent  for  participating  in  this  investigation.  Patients  with
the  following  conditions  were  excluded  from  the  sample:
uncontrolled  hypertension,  autonomic  neuropathy,  severe
peripheral  neuropathy,  proliferative  diabetic  retinopathy,
severe  nonproliferative  diabetic  retinopathy,  decompen-
sated  heart  failure,  limb  amputations,  chronic  renal  failure
(Modiﬁcation  of  Diet  in  Renal  Disease-glomerular  ﬁltration
rate  <  30  ml/min),26 or  any  muscle  or  joint  impairments  that
prevented  individuals  from  engaging  in  physical  exercise.
The  absence  of  these  conditions  was  conﬁrmed  by  medical
history  as  well  as  by  clinical  and  laboratory  examinations.
All  patients  had  undergone  electrocardiogram  stress  testing
6  months  before  the  study.
Experimental  procedures
Before  performing  the  exercise  tests  proposed  in  this  study,
all  patients  underwent  anthropometric  measurements,  fas-
ting,  blood  sampling,  and  familiarization  with  the  exercise
test.
Anthropometry
An  initial  session  was  held  to  collect  anthropometric  data.
Body  mass  and  height  measurements  were  obtained  using
an  analog  medical  scale  and  a  stadiometer  (FILIZOLA;  Sao
Paulo,  Brazil).  Based  on  these  values,  the  body  mass  index
was  calculated  according  to  the  following  equation:  Body
mass  index  =  mass  (kg)  ×  height  (m)−2.  Hereafter,  the  mea-
surement  of  the  waist  perimeter  was  obtained  with  an
inextensible  metallic  tape  (Cescorf;  Porto  Alegre,  Brazil),
at  the  midpoint  between  the  iliac  crest  and  the  last
rib.
Blood  analysis
Blood  samples  (4  ml)  were  obtained  from  the  antecubital
vein  after  fasting  for  12--14  h.  The  samples  were  collected
in  tubes  with  EDTA  and  were  frozen  at  −80 ◦C  as  total
blood  (without  centrifugation).  After  blood  data  collec-
tion,  the  levels  of  glycated  hemoglobin  were  determined
through  high-performance  liquid  chromatography  to  char-
acterize  the  glycemic  control  of  the  patients.
Exercise  test
Exercise  tests  were  conducted  on  a  previously  calibrated
treadmill  (Inbramed,  Porto  Alegre,  Brazil)  with  an  initial
velocity  of  3 km  h−1 for  3  min,  with  1%  inclination;  the  veloc-
ity  was  increased  by  increments  of  1  km  h−1 every  2  min,
C
p
e125
ntil  exhaustion.  Heart  rate  was  monitored  every  10  s  (Polar,
ajaani,  Finland)  and  rate  of  perceived  exertion  was  mea-
ured  in  the  ﬁnal  20  s  of  each  stage  (6--20  Borg  Scale).
urthermore,  during  the  test,  oxygen  uptake,  carbon  dioxide
roduction  (VCO2),  and  ventilation  (VE)  were  continuously
onitored  using  a  portable  gas  analyzer  (VO2000  Gas  Ana-
yzer,  Med  Graphics)  with  sampling  frequency  of  one  sample
very  three  breaths.  Prior  to  each  session,  the  portable
as  analyzer  was  calibrated  according  to  manufacturer’s
nstructions.  The  assessment  was  considered  valid  when
ome  of  the  following  criteria  were  met  at  the  end  of
he  test:  (1)  estimated  maximal  heart  rate  was  reached
220  --  age);  (2)  a  respiratory  exchange  ratio  greater  than
.15  was  achieved;  and  (3)  a  rating  of  perceived  exertion
f  at  least  18.27 All  tests  were  performed  in  the  pres-
nce  of  a  cardiologist,  at  a  controlled  room  temperature
24--26 ◦C).
riteria  for  determining  the  VT2 and  HRDP
he  VT2 was  obtained  by  determining  the  second  inﬂec-
ion  point  in  the  VE-by-intensity  graph,  and  it  was  conﬁrmed
sing  the  CO2 ventilatory  equivalent  (VE/VCO2).28 The  HRDP
as  observed  in  the  HR-by-intensity  graph.22 The  analysis
ere  carried  out  by  two  independent,  blinded,  experienced
xercise  physiologists.  The  break  points  corresponding  to
he  VT2 and  HRDP  were  considered  valid  when  both  physiolo-
ists  identiﬁed  the  same  value.  If  there  were  no  consensus,
 third  physiologist  would  be  recruited.  After  his  analysis,
he  break  point  was  selected  using  the  median  of  the  points
ound  by  each  exercise  physiologist.
Data  analysis  was  based  on  the  HR  and  treadmill  veloc-
ty  corresponding  to  the  break  point  determined  by  the  VT2
nd  HRDP  methods.  The  velocity  was  considered  as  the  last
elocity  at  which  patients  were  exercising  (at  least  30  s
efore  the  break  point).
tatistical  analysis
or  descriptive  data,  data  were  given  as  mean  ±  standard
eviation.  Shapiro--Wilk’s  test  was  used  to  verify  the  nor-
al  distribution  of  the  data.  Comparisons  between  the
RDP  method  and  the  VT2 reference  method  were  per-
ormed  using  the  Bland--Altman  method,  which  evaluates
he  potential  existence  of  agreement  or  bias.  Bland--Altman
nalysis  uses  means  and  standard  deviations  to  evaluate
ifferences  between  measurements  acquired  from  the  stan-
ard  and  new  methods.  By  analyzing  bias  and  limits  of
greement,  it  is  possible  to  evaluate  whether  the  meth-
ds  agree.  Depending  on  the  nature  of  the  variable,  a  wide
imit  of  agreement  may  represent  the  absence  of  agree-
ent  between  methods.  A  bias  close  to  zero  represents
n  agreement  between  methods.  The  heteroscedasticity  of
he  Bland--Altman  plots  was  analyzed  by  performing  linear
egression  analysis.
esultsharacteristics  of  the  patients  are  presented  in  Table  1.  All
atients  performed  the  tests  appropriately,  and  no  adverse
ffects  were  recorded.
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Table  1  Patients  characteristics.
Age  (years)  56.1  ±  7.7
Duration  of  DM2  (years)  7.4  ±  5.6
HbA1c (%)  7.8  ±  2.3
Body mass  (kg)  85.6  ±  14.6
Body mass  index  (kg.m−2) 32.1  ±  4.2
Waist circumference  (cm) 106.5  ±  11.5
Medication
Metformin  32
Sulphonylurea  9
DPP-4-inhibitors  2
Insulin 7
DPP-4: dipeptidyl peptidase-4.
Values of age, duration of DM2 and anthropometric measures are
expressed as the mean ± SD.
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Figure  2  Bland--Altman  test  for  heart  rate  values  correspond-
ing to  the  second  ventilatory  threshold  (VT2)  and  heart  rate
deﬂection  point  (HRDP),  in  sedentary  patients  with  type  2  dia-
betes. The  solid  line  near  zero  represents  bias  (−0.333),  and
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Values of medication are expressed by n.
Although  all  patients  had  been  able  to  carry  out  the
ncremental  test,  ﬁve  from  the  thirty-two  patients  (15.6%)
howed  no  signs  of  an  HRDP.
Heart  rate  in  second  ventilatory  threshold  (HRVT2  was
33  ±  16  bpm  and  HRDP  was  133  ±  18  bpm.  Mean  velocity
orresponding  to  VT2 was  6.3  ±  0.7  km  h−1,  and  that  corre-
ponding  to  HRDP  was  6.4  ±  1.1  km  h−1.
According  to  the  Bland--Altman  analysis,  there  were  no
igniﬁcant  differences  between  the  VT2 and  HRDP  methods
or  the  HR  and  the  r-value  between  the  difference  and  the
orresponding  average  was  low  (r  =  0.07;  95%  CI:  −2.2  to
.8  bpm;  p  =  0.78;  Fig.  1).  For  mean  treadmill  velocity,  also
here  were  no  signiﬁcant  differences  between  methods  and
he  r-value  was  low  (r  =  0.26;  95%  CI:  −0.2  to  0.3  km  h−1;
 =  0.57;  Fig.  2).  The  limits  of  agreement  represent  a  small
mplitude  range,  with  the  bias  close  to  zero.  Hence,  an
greement  is  assumed  between  the  two  methods  used  to
etermine  AT.
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igure  1  Bland--Altman  test  for  velocities  corresponding  to
he second  ventilatory  threshold  (VT2)  and  heart  rate  deﬂection
oint (HRDP),  in  sedentary  patients  with  type  2  diabetes.  The
olid line  near  zero  represents  bias  (−0.018),  and  the  dotted
ines represent  the  limits  of  agreement  (−1.366  to  1.328).
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The dotted  lines  represent  the  limits  of  agreement  (−12.765  to
2.098).
iscussion
esults  from  the  present  study  indicate  an  agreement
etween  the  HRDP  and  VT2 methods  in  sedentary  patients
ith  type  2  diabetes,  according  to  our  hypothesis.  This
greement  was  observed  by  means  of  two  parameters,  a
hysiological  (HR)  and  a  physical  one  (mean  velocity).  The
imilar  HR  veriﬁed  in  both  methods  (133  bpm)  favors  the  use
f  HRDP  because  the  control  of  the  training  may  be  car-
ied  out  with  a  simple  HR  monitor  for  an  adequate  intensity
rescription.  Since  the  HR  is  a  physiological  variable,  it  is
ery  responsive  to  the  metabolic  status  of  the  patients.  In
ddition,  it  may  be  used  to  modulate  the  training  intensity
n  accordance  to  the  current  situation  of  the  patient,  with
djustments  in  the  intensity  based  on  previous  effort  or  rest.
According  to  our  ﬁndings,  Kruel  et  al.25 found  no  differ-
nce  between  HRVT2  and  HRDP.  This  study  evaluated  young
ctive  women  running  in  treadmill,  as  well  as  performing  a
tationary  running  on  land  and  a  stationary  running  in  water.
esides  the  lack  of  difference  in  the  AT  between  methods,
nother  interesting  result  of  this  study  was  the  similarity
etween  the  AT  found  in  treadmill  running  and  the  one  found
n  stationary  running  on  land,  which  adds  to  the  literature
he  possibility  of  performing  a  more  accessible  test,  that
oes  not  require  the  treadmill  to  determine  the  AT.  Nev-
rtheless,  this  protocol  has  not  been  performed  in  patients
ith  type  2  diabetes  or  with  other  complications,  being  this,
 gap  in  the  literature,  that  should  be  more  investigated
hrough  accurate  and  accessible  forms  of  manipulation  of
he  physical  training  variables.
In  order  to  expand  the  possibilities  of  an  adequate  train-
ng  prescription  for  this  population,  it  was  also  veriﬁed
he  treadmill  velocity  corresponding  to  the  AT  determined
y  both  methods,  since  the  patients  can  carry  training  at
re-determined  intensities  without  using  an  HR  monitor.
hus,  an  alternative  way  could  be  the  performance  of  the
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incremental  test  on  a  treadmill  with  the  HR  monitor  for  the
determination  of  the  AT  and  posterior  training  prescription
based  on  the  velocity  corresponding  to  the  HRDP.  However,
since  the  velocity  is  a  physical  variable,  it  is  not  modu-
lated  by  physiological  alterations,  fact  that  may  compromise
the  training  when,  due  to  certain  factors,  such  as  time,
fatigue,  sleep  alterations  or  psychological  stress,  patients
vary  widely  the  physiological  condition  in  which  they  per-
form  the  training  sessions.  Nevertheless,  if  the  training  is
structured  and  conducted  in  a  routine,  with  controlled  envi-
ronmental  conditions,  the  velocity  related  to  the  HRDP  may
be  a  valuable  parameter  during  the  training  prescription.
Despite  the  agreement  observed  between  the  methods  of  AT
determination,  it  should  be  considered  that  approximately
15%  from  the  patients  did  not  show  HRDP.  Although  this  per-
centage  is  low,  it  is  important  to  consider  other  simple  and
effective  ways  to  prescription  of  training  intensity  in  this
group  of  patients.
The  study  by  Sales  et  al.29 proposed  a  non-invasive  AT
determination  in  patients  with  type  2  diabetes  through
the  heart  rate  variability  threshold.  This  method  pre-
sented  agreement  with  the  lactate  threshold  method,
considered  as  gold  standard.  Despite  the  positive  results
observed,  the  extrapolation  of  the  ﬁndings  regarding  the
heart  rate  variability  threshold  is  difﬁcult  because  this
method  needs  speciﬁc  HR  monitor  (with  R-R  intervals  reg-
ister)  and  software  for  data  analysis.  In  addition,  this  study
evaluated  only  nine  patients  with  an  optimal  glycemic  con-
trol  (HbA1c  =  6.8  ±  1.3%)  with  the  protocol  performance  in
cycle  ergometer.  In  the  present  study,  27  patients  with  a
common  clinical  situation  to  the  most  patients  with  type  2
diabetes  were  analyzed,  comprised  by  sedentary  men  and
women  with  a  poor  glycemic  control  (HbA1c  =  7.8  ±  1.3%),
improving  the  external  validity  of  the  ﬁndings.  In  addition,
the  HRDP  is  a  low  cost  method  with  an  easy  application.
Clinically,  our  results  have  great  relevance  because  they
indicate  the  need  to  investigate  agreement  between  differ-
ent  methods  of  determining  the  AT  in  patients  with  type
2  diabetes.  That  is  because  these  measurements  may  be
impaired  by  metabolic  disorders,  a  common  occurrence  in
diabetes,  which  can  lead  to  different  physiological  responses
during  incremental  exercise.  In  addition,  scientiﬁc  liter-
ature  supports  the  beneﬁts  of  prescribing  exercises  with
intensities  corresponding  to  the  AT  in  this  population.30
Besides  the  possible  application  of  a  HRDP  to  determine  the
AT  in  patients  with  type  2  diabetes,  it  is  important  that
both  methods  show  similar  results  during  treadmill  exer-
cise,  as  the  walking/running  is  the  most  used  modality  of
aerobic  training  in  investigations  on  type  2  diabetes.31 In
addition,  the  walking  or  running  exercises  recruit  a  larger
muscle  mass  than  other  types  of  aerobic  training,  such  as  the
cycle  ergometer;  this  fact  improves  the  body  composition
and  glycemic  control.14
In  conclusion,  the  present  investigation  veriﬁed  an  agree-
ment  between  the  HRDP  and  VT2 methods  in  sedentary
patients  with  type  2  diabetes,  suggesting  that  the  HRDP  may
be  used  by  physical  education  professionals  who  work  with
this  population.  It  is  important  to  introduce  and  to  improve
the  prescription  and  control  of  training  intensity  by  the  AT
because  the  knowledge  of  this  metabolic  transition  point
increases  the  safety  and  effectiveness  of  exercise  interven-
tions  for  controlling  type  2  diabetes.127
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